phenomenon is not modulated by successful renal transplantation.
rhythm itself may be a risk factor for accelerated target Introduction organ damage. Methods. We retrospectively studied 480 ambulatory Ambulatory blood pressure monitoring (ABPM ) has blood pressure recordings in 380 patients with essential become an increasingly reliable and useful tool for the hypertension, secondary hypertension, and on renal accurate measurement of both daytime ambulatory replacement therapy. We examined diurnal blood presblood pressure and night-time (sleeping) blood pressure rhythm in each group.
sure, when in normal individuals there is a decline in Results. Abnormal blood pressure diurnal rhythm blood pressure. Data from population studies have (non-dipping) is significantly more prevalent in patients given different values for the 'normal' nocturnal decline with underlying renal disease, even with normal excretof blood pressure in healthy individuals [1, 2] . This ory renal function ( 53%) than in age-, sex-, and racechange in blood pressure is approximately a 15% matched controls with essential hypertension ((30%), reduction in systolic and 20% reduction in diastolic P<0.01). In patients with renal disease the prevalence blood pressure with sleep [2 ] . There has been shown of non-dipping rose with worsening renal function, to be good correlation between clinic blood pressure reaching statistical significance once plasma creatinine recordings and daytime ambulatory blood pressure was greater than 400 mmol/l. There was a direct correlarecordings [3]; however, ambulatory blood pressure tion between plasma creatinine and percent decline in ( ABP) over a 24-h period has been shown to have blood pressure at night for both systolic (r=0.23) and a better correlation with end-organ damage than have diastolic (r=0.24) blood pressure in patients with isolated clinic readings [4, 5] . This more accurate underlying renal disease and impaired excretory renal correlation may be first because ABPM can identify function. High prevalences of abnormal diurnal BP those individuals with 'white coat hypertension' who rhythm are seen in patients on haemodialysis (82%), are less likely to have target-organ damage, and second peritoneal dialysis (78%), patients with plasma creatthat ABPM provides data about total 24-h blood inine >600 mmol/l (75%), and in renal transplant pressure load, specifically allowing identification of recipients (74%). subjects whose sleep-related fall in BP is blunted, or Conclusions. Abnormal blood pressure diurnal rhythm reversed, itself representing an additional end-organ ('non-dipping') is significantly more common in secrisk factor. ondary than in primary hypertension, even with normal Blood pressure control is an important modifiable renal function. Abnormal blood pressure diurnal risk factor for cardiovascular disease which is significrhythm becomes increasingly common with advancing antly more prevalent with uraemia, as well as an uraemia. Once the plasma creatinine is greater than important factor determining the rate of renal func-600 mmol/l the prevalence of non-dipping is the same tional decline in renal impairment [6, 7] . The aim of as that seen with renal replacement therapy. This our study was to examine the prevalence of abnormal blood pressure diurnal rhythm in a large number of >600 mmol/l. The prevalence of nocturnal dipping and All patients were monitored with the SpacelabA 90207 percent decline of blood pressure during sleep was ambulatory monitor (Spacelabs Medical, Redmond, USA) calculated in each group. Antihypertensive medication, every 15 min from 0700 to 2200 and every 30 min from 2200 age, gender, and race were also compared. There was to 0700. Monitors were calibrated against a mercury sphygmomanometer on five occasions at the beginning of each and using the x2 test statistical significance was calculated.
no significant difference between age, gender and race not practiced for chronic renal failure patients with plasma creatinine <400 mmol/l; and was only relevant distribution between groups. Table 3 describes the characteristics of each study to 16% of patients with plasma creatinine >600 mmol/l. Its use was much higher in the dialysis cohorts. group. Figure 1 shows the prevalence of dipping in each group of subjects. The difference in prevalence of
The effect of rising creatinine on renal function was also examined as a continuous variable. Linear regresnocturnal dipping reached statistical significance once plasma creatinine rose above 400 mmol/l (P∏0.028) sion analysis was performed on plots of percentage decline in blood pressure against log plasma creatinine. and was still more significant at plasma creatinine >600 mmol/l (P<0.002). This increase in 'abnormal' For systolic blood pressure r=0.23, diastolic r=0.24 (P<0.001) Figures 3 and 4 . diurnal rhythm was present despite the increase in numbers of antihypertensives used as plasma creatinine
Multiple regression analysis was performed of plasma creatinine against blood pressure decline using increased. The mean number of antihypertensives prescribed to the patients in each group, and within each age, sex, race, haemoglobin, and daytime blood pressure as confounding variables. This produced an values group by diurnal rhythm, is shown in Figure 2 . Both the absolute and percentage fall in blood pressure at of r2=0.54 for systolic blood pressure, r2=0.61 for diastolic blood pressure decline (P<0.001). night reduced with declining renal function which is compatible with the results from the diurnal rhythm
Results from the ambulatory blood pressure recordings from those patients on the renal replacement analysis, reaching statistical significance once plasma creatinine reached 400 mmol/l (P<0.001). The mean therapy programme (haemodialysis, peritoneal dialysis and transplantation) were also investigated. A total of haemoglobin fell with rising creatinine-for this large group of patients erythropoietin administration was 151 patients were monitored over the same study period ( Tables 1 and 3 ). The prevalence of dipping at There was no association between dialysis treatment time and diurnal BP levels or rhythm (but there were night was derived using the same methods as for patients not on RRT, those patients on haemodialysis no patients receiving 'long-hours' haemodialysis treatment). The prevalence of non dipping in patients on were monitored for 48 h in the interdialytic period and sleeping blood pressures were calculated manually. renal replacement therapy was very high, even in renal transplant recipients (74%); use of antihypertensive has been demonstrated that there is a relationship between circadian blood pressure rhythm, ambulatory medication declined once patients started RRT (from 2.7 meds/pt/day to 1.4 meds/pt/day on RRT ). The blood pressure levels and end organ damage-one study of hypertensives suggested that the duration of prevalence of non-dipping was significantly higher in transplant recipients than in those patients with exposure to increased levels of BP and wall stress over 24 h can play an important role in the pathogenesis of impaired renal function even when both groups were matched for plasma creatinine, age and haemoglobin. LVH [10 ] . Loss of normal blood pressure diurnal rhythm may render patients more susceptible to cereb-(P<0.01), x2=32.23, DF=1. All transplant recipients were on triple immunosuppressive therapy (predniso-rovascular accidents [11 ] . Two studies of patients with chronic renal failure have suggested that blood pressure lone, azathioprine, and cyclosporin A).
The underlying renal diagnosis was recorded in each diurnal rhythm affected the rate of decline of renal group. No trend or statistical difference could be found function-in diabetic nephropathy, those patients who between diagnosis and prevalence of nocturnal dipping. were non-dippers had a renal functional decline of There were no patients with diabetic nephropathy in 7.9 ml/min/year against 2.9 ml/min/year-both groups the group with plasma creatinine above 400 mmol/l being well matched for daytime blood pressure [12 ] , which reflects our practice or starting patients with while Timio et al. [13] showed a similar effect in diabetes on renal replacement therapy rather earlier.
patients with hypertensive renal disease and declining renal function. There is therefore mounting evidence that blood-pressure rhythm has an important role in Discussion target organ damage in hypertensive individuals. The underlying explanations for non-dipping are unclear. In patients with diabetic nephropathy ( DN ) There are no clearly defined points at which blood there is an association with autonomic neuropathy and pressure on ambulatory blood pressure monitoring abnormal blood-pressure diurnal rhythm [14, 15] becomes abnormal, but useful cut off points can be Latent overhydration has also been cited as a possible derived from the use of 95th percentile blood pressure mechanism for the lack of nocturnal fall of blood from normal individuals [9 ] . Population data from the pressure in those with DN, following a study of Allied Irish bank study suggest that in normal indiextracellular fluid estimation and ambulatory blood vidual blood pressure declines by 10-20% at night [2]; pressure [16 ] . it is also accepted that this diurnal change in BP is normally distributed in the general population [1] . It This is only the second, and is by far the larger and more comprehensive, study to specifically to examine ABPM is repeated. In studies of the general population,
. This matter is less easy to establish in has been reported where 53 male veteran hypertensives with chronic renal failure underwent ABPM, no con-uraemia, and no substantive data exist, but our previous studies suggest that reproducibility in patients on sistent relationship was seen between GFR and diurnal rhythm, but so small were the numbers of patients, dialysis is at least 80% (data not shown), while one recent study prospectively tracked a cohort of 60 and so broad were the renal functional categories, that only a very large effect of GFR on diurnal rhythm haemodialysis patients with five consecutive ABPM sessions over 1 year, and found that 46/60 ( 76%) could be expected to be discovered [17] , also, patients had their antihypertensive medication withdrawn four preserved their diurnal rhythm pattern on each of the five ABPM recordings [25 ] . weeks prior to ABPM unlike our study where preexisting medication was continued. Portaluppi's study It is likely that abnormal blood pressure diurnal rhythm is a further risk factor for accelerated renal [18 ] examined ABPM in chronic renal failure patients in hospital with creatinine clearances ranging from 13 decline and 'atherosclerosis' in patients with renal disease; systolic blood pressure control is one of the to 39, and did not find any association between degree of renal failure and diurnal BP rhythm. Thus our study key determinants of survival on dialysis [26, 27] .
Accurate measurement of true 24-h BP burden is an is the first to do this, and while it may lack the precision of others with respect to quantifying degree essential adjunct to properly targeted antihypertensive therapy, and as patients approach end-stage renal of renal impairment ( by reliance on plasma creatinine) this is more than compensated for by the large numbers failure and enter renal replacement therapy programmes, the results of this study suggest that the of patients reported, and by the range of renal function studied.
information derived from ABPM about sleep-related falls in BP becomes progressively more relevant. The patients reported here included all patients who underwent ambulatory blood pressure over the previous 8 years with underlying renal pathology. All References patients had ABPM performed by one of two trained technicians and were monitored to the same protocol literature, but only in the context of haemodialysis [504] [505] [506] [507] [508] [509] patients [23, 24] . Yet other explanations, including 
